1.. Introduction {#S0001}
================

A history of traumatic events is a potential predictor of mental health problems in pregnant women (Muzik et al., [2016](#CIT0027); Onoye et al., [2013](#CIT0029)), even in those who did not meet all the criteria for the diagnosis of posttraumatic stress disorder (PTSD) (Habersaat et al., [2014](#CIT0016)). Not only does trauma history potentially have negative effects on the mother, but it can also lead to negative health outcomes for the child, affecting their physical and mental health (Blackmore et al., [2016](#CIT0004); Pearlstein, Howard, Salisbury, & Zlotnick, [2009](#CIT0030)). Despite having such consequences, studies on the impact of trauma history on the trajectories of perinatal anxious-depressive symptoms (i.e. those that occur during pregnancy and/or the postpartum period) are limited. Additionally, the association between measurements of reported stress and biomarkers is not straightforward in the research of pregnancy (Harville, Savitz, Dole, Herring, & Thorp, [2009](#CIT0017)). In the present follow-up study, we have adopted simultaneous measurements of self-reported symptoms and stress biomarkers from pregnancy to three months postpartum (García-Blanco et al., [2018](#CIT0009); Laurent et al., [2018](#CIT0022)).

Mental health status in women with a trauma history has been usually assessed in terms of self-reported anxious-depressive symptoms at a certain point in time during the perinatal period in cross-sectional studies (see Álvarez-Segura et al., [2014](#CIT0001), for a review). Few studies have assessed how a trauma history contributes to the trajectories of depression and anxiety examined simultaneously over time. Nevertheless, these few studies addressing anxiety and depression in women with a trauma history have shown inconclusive results. The reported inconclusive results could be due to potential confounding variables, such as age (García-Blanco et al., [2017](#CIT0010)), parity (Dipietro, Costigan, & Sipsma, [2008](#CIT0006)), time of testing (Gourounti, [2016](#CIT0013)), and other stress-generating factors like medical status and risk of social exclusion (Álvarez-Segura et al., [2014](#CIT0001)).

Recent follow-up studies across community samples have found that whereas depressive symptoms decrease from pregnancy to postpartum, anxiety symptoms fluctuate over time with no specific trajectory (García-Blanco et al., [2018](#CIT0009), [2017](#CIT0010); Underwood, Waldie, D'Souza, Peterson, & Morton, [2017](#CIT0038); Whisman, Davila, & Goodman, [2011](#CIT0040)). With respect to the impact of traumatic events on depressive symptoms, mothers of infants admitted to a neonatal intensive care unit (NICU) and who had experienced an accumulation of maternal, infant, and family stressful events before the NICU discharge show a less sharp decline of depressive symptoms from the NICU discharge to two-years period than mothers who experienced few stressful factors (Poehlmann, Schwichtenberg, Bolt, & Dilworth-Bart, [2009](#CIT0031)). Similarly, a recent study with women from low socioeconomic status found that, although depressive symptoms decrease from pregnancy to 24-months postpartum, women with a trauma history show higher depressive symptoms from pregnancy to postpartum period with a rise at 24-months postpartum (Grekin, Brock, & O'Hara, [2017](#CIT0015)). However, Lang, Rodgers, and Lebeck ([2006](#CIT0021)) found that whereas a trauma history during childhood is associated with increased depression at pregnancy, no significant relationship is found at one-year postpartum. Concerning anxiety symptoms, Lang et al. ([2006](#CIT0021)) found that a trauma history was associated with higher anxiety symptoms at one-year postpartum but not at pregnancy. Nevertheless, a recent meta-analysis (Howard, Oram, Galley, Trevillion, & Feder, [2013](#CIT0018)) concludes that, although there are few studies on women with a trauma history, women with anxiety during pregnancy and postpartum periods reported more traumatic experiences.

Regarding physiological stress, a trauma history has been associated with a persistent and abnormal adaptation of neurobiological systems to stress, such as the hypothalamic-pituitary-adrenal axis (HPA) and the sympathetic-adrenal-medullary axis (SAM) (Vreeburg et al., [2010](#CIT0039)). As for HPA axis, cortisol is considered the main biomarker since this hormone regulates the HPA axis activation through negative feedback (Smith & Vale, [2006](#CIT0033)). When stress is maintained for a long time, excessive secretion of cortisol impairs the HPA axis regulation and, subsequently, the immune response (Kuhlman, Vargas, Geiss, & Lopez-Duran, [2015](#CIT0020)). Stress also elicits the SAM axis activation, releasing catecholamines and preparing the body for action (e.g. heart rate increase, breath rate increase, pupil dilation) (Thoma, Kirschbaum, Wolf, & Rohleder, [2012b](#CIT0036)). To assess SAM activity, α-amylase is a useful and non-invasive biomarker since it is associated with catecholamines levels (Bosch, Veerman, de Geus, & Proctor, [2011](#CIT0005); Nater & Rohleder, [2009](#CIT0028); Thoma et al., [2012b](#CIT0036)). The scarce number of follow-up studies across community samples have found that cortisol basal levels increase from late pregnancy to childbirth and decrease from childbirth to postpartum period (García-Blanco et al., [2018](#CIT0009)), being even lower at the postpartum period than at late pregnancy (García-Blanco et al., [2017](#CIT0010)). As opposed to α-amylase basal levels, where an increase from childbirth to postpartum period has been found (García-Blanco et al., [2017](#CIT0010), [2018](#CIT0009)), it is unclear if α-amylase levels from pregnancy to childbirth decrease (García-Blanco et al., [2018](#CIT0009)) or maintain the same levels (García-Blanco et al., [2017](#CIT0010)).

Regarding the association between a trauma history and stress biomarkers under basal conditions, several meta-analyses on cortisol levels have yielded mixed results depending on the presence of PTSD. That is, whereas higher cortisol levels have been found in individuals with a trauma history, but not suffering from PTSD (Miller, Chen, & Zhou, [2007](#CIT0025)), lower cortisol levels have been found in PTSD patients (Meewisse, Reitsma, De Vries, Gersons, & Olff, [2007](#CIT0023); Morris, Compas, & Garber, [2012](#CIT0026)). As for α-amylase levels, the scarce literature in small groups of patients suggests that further investigations are required. For instance, although a positive association have been found between PTSD symptoms and α-amylase levels, no differences have been found between non-exposed individuals and those with a trauma history, regardless of the presence of PTSD (see Keeshin, Strawn, Out, Granger, & Putnam, [2015](#CIT0019), for those without PTSD; Thoma, Joksimovic, Kirschbaum, Wolf, & Rohleder, [2012a](#CIT0035), for those with PTSD).

Based on this disparity in the stress biomarkers levels, a useful statistical method is the quantile regression over the entire range of an outcome. This method detects potential heterogeneity in exposure-outcome associations according to individual outcome levels (Bind et al., [2016](#CIT0003)), and it does not require any assumption about the distribution of the biomarkers levels. Hence, the use of quantile regression will allow for estimating associations between a trauma history in pregnant women and stress biomarkers levels that are not normally distributed.

To our knowledge, this is the first follow-up study that evaluates simultaneously stress biomarkers levels (i.e. cortisol and α-amylase) and anxious-depressive symptoms comparing a large sample of pregnant women with a trauma history and those without one from pregnancy to postpartum. According to Miller et al. ([2007](#CIT0025)) and Keeshin et al. ([2015](#CIT0019)), who studied cortisol and α-amylase levels in people with a trauma history but not current PTSD, we hypothesized that pregnant women with a trauma history would have higher cortisol and similar α-amylase levels from pregnancy to postpartum. According to Poehlmann et al. ([2009](#CIT0031)) and Howard et al. ([2013](#CIT0018)), who studied women that reported stressful events during pregnancy, we hypothesized that women with a trauma history would show higher anxiety and less sharp decline of depressive symptoms from pregnancy to postpartum periods.

2.. Material and methods {#S0002}
========================

2.1.. Study design and participants {#S0002-S2001}
-----------------------------------

This is a prospective cohort study performed in the Division of Obstetrics at a tertiary referral hospital during a 12-month period in 2015. The ethics committee of the hospital approved the study and an informed consent was signed by each participant. The follow-up was carried out at three different assessment times: (i) time\#1 (T1) at 38th week of gestation; (ii) time\#2 (T2) at 48 hours after birth; and (iii) time\#3 (T3) at three months after birth.

Eligible participants were women \>18 years old at 38th week of gestation admitted to the hospital. Pregnancy should be desired. Pregnant women were classified into two groups: pregnant with a trauma history (*n* = 60), and pregnant without a trauma history (*n* = 68). Participants who fulfilled the eligibility criteria were interviewed by a clinical psychologist at T1, at the Maternity Inpatient Unit at T2, and at the Maternity Outpatient Unit at T3.

The exclusion criteria were chosen to control additional stress-generating factors and to guarantee that stress is due to trauma history rather than medical or social conditions. Participants should not be affected by pre-existing major medical disorders that require close supervision during pregnancy (e.g. heart disease, high blood pressure, diabetes type I, severe mental illness). Additionally, the exclusion criteria included substance consumption during pregnancy since they could affect the HPA and SAM axis. As for social conditions, participants should not be at risk of social exclusion in terms of: (i) risk-of poverty, (ii) severe material deprivation, or (iii) jobless households (Middlemiss, [2003](#CIT0024)). Finally, xerostomia, periodontitis, and gingivitis were additional exclusion criteria. [Figure 1](#F0001) shows the flow diagram of recruitment.10.1080/20008198.2019.1601990-F0001Figure 1.Flow diagram describing the recruitment process.

2.2.. Procedure {#S0002-S2002}
---------------

Participants were recruited at 38th week of gestation during their routine prenatal visit to the obstetric unit. Once the obstetrician confirmed the inclusion criteria based on a case note review, a clinical psychologist carried out a lengthy clinical interview at T1 in order to determine the trauma history by means of Trauma Questionnaire (TQ; Escalona, Tupler, Saur, Krishnan, & Davidson, [1997](#CIT0007)). Additionally, participants were instructed to report whether a traumatic event occurred during the study (no events were reported). The Trait form of the State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, [1983](#CIT0034)) was also applied at T1. Saliva samples and depressive and anxiety symptoms were determined at T1, T2, and T3, using the Beck Depression Inventory Short Form (BDI/SF; Beck, Rial, & Rickels, [1974](#CIT0002)) and the State form of the State-Trait Anxiety Inventory (STAI; Spielberger et al., [1983](#CIT0034)), respectively.

2.3.. Psychological assessment {#S0002-S2003}
------------------------------

The TQ (Escalona et al., [1997](#CIT0007)) is an instrument to screen PTSD. The TQ contains 19 items that assess the presence of a personal history of exposure to traumatic events according to criteria A of DSM-IV. That is, a traumatic event which elicited intense fear, helplessness, or horror when a person experienced, witnessed, or was confronted with an event or events that involved actual or threatened death or serious injury, or a threat to the physical integrity of self or others (e.g. physical and sexual trauma, accidents, natural disasters). Age at the time of most relevant traumatic event is also registered. Additionally, the TQ includes nine items on the event characteristics and a list of 18 symptoms according to criteria B, C, and D of DSM-IV for PTSD. The presence or absence of each PTSD symptom is quantified as 1 or 0, respectively. Higher score on this list of 18 symptoms indicates higher severity of PTSD symptomatology. The internal consistency coefficient for the symptoms scale was 0.88 in our sample.

The Trait and State forms of the STAI, form Y (Spielberger et al., [1983](#CIT0034)), was used to measure patient's anxiety trait and current anxiety state, respectively. Each form comprised 20 items assessing tension, nervousness, and concerns, on a 4-point Likert scale (i.e. from 'Almost Never' to 'Almost Always'). Scores ranged from 0 to 60, with higher scores indicating greater anxiety symptoms. The threshold for clinical anxiety is a total score of 19. State forms can be used in clinical settings to diagnose anxiety and to distinguish anxiety symptoms from depressive symptoms. The internal consistency coefficient for the scale was 0.89 in our sample population.

The BDI/SF (Beck et al., [1974](#CIT0002)) was used to measure the intensity of attitudes and depressive symptoms and to detect depression in the general population. Because of its high correlation with the standard form, the short form is considered a reliable and valid brief screening measure of depression (Beck et al., [1974](#CIT0002)). It contains 13 items rated on a 4-point Likert scale, from 0 (low) to 3 (high). Scores ranged from 0 to 39, with higher scores indicating higher depressive symptoms. The threshold for clinical depression is a total score of 4 (Beck et al., [1974](#CIT0002)). Our sample population demonstrated an internal consistency for the BDI of 0.73.

2.4.. Analytical determinations {#S0002-S2004}
-------------------------------

Saliva samples were collected by spitting into sterile bottles (between 10 and 12 a.m.). Participants were instructed to rest during the night, to eat breakfast, and to rinse their mouth a minimum one hour before saliva collection. Additionally, they were instructed to avoid coffee, food, or cigarettes intake before sample collection. Then, the samples were aliquoted into 1.5 mL tubes, and those with visible blood contamination were excluded from the study. Finally, samples were stored at −80ºC until analysis.

Saliva samples were thawed on ice and homogenized. The sample treatment to determine cortisol was based on a previous work (García-Blanco, Vento, Diago, & Cháfer-Pericás, [2016](#CIT0011)). Briefly, 25 µL of sample were subjected to liquid-liquid extraction to extract cortisol, then the organic layer was evaporated to dryness and the residues were reconstituted in water: methanol (85:15 v/v) solution. Finally, they were injected in the chromatographic system.

For the α-amylase determination, samples were vortexed and centrifuged. Then, they were diluted with the α-amylase diluent. Finally, they were subjected to the kinetic enzyme assay as described by the assay kit manufacturer (Alpha-Amylase Assay Kit -- Enzymatic, Saliva -- Salimetrics Assays, 1--1902).

2.5.. Statistical analysis {#S0002-S2005}
--------------------------

Data were summarized using mean (standard deviation) and median (1st and 3rd quartile) in the case of continuous variables and relative and absolute frequencies in the case of categorical variables. Correlations among stress biomarkers and anxious-depressive symptoms along T1, T2, and T3 were assessed with Spearman's correlation. Association of the different explicative variables with cortisol, α-amylase, BDI/SF, and STAI-State was assessed using Bayesian hierarchical modelling. Models included an interaction between time and trauma to assess differences in evolution between the trauma group and the non-trauma group. Firstly, since an interaction has been included in the models, the differences at T1 between both groups were examined. Subsequently, the differences in slopes between both groups from T1 to T2 and from T2 to T3 were analysed. All models included also age and parity as covariates. Additionally, models including only the trauma group were adjusted to assess the influence of years since trauma, TQ score, and trauma type. In the case of cortisol and α-amylase, quantile regression to the median was performed. The use of quantile regression was motivated by the presence of values under the limit of detection in the case of cortisol (19%). In the case of STAI-State and BDI/SF, cumulative link ordinal regression was used. All models included a random intercept in order to take dependency among observations from the same individual into account. Weakly informative priors for the coefficients of the fixed effects were used in all models. In the quantile regression models they were set as N(0, 50) and in the cumulative regression models as N(0, 10). A sensitivity analysis using less informative priors was performed to assess the influence of the chosen priors in the final estimates of the models. 95% Credibility Intervals (95% CI) were provided for all estimates and marginal effect plots were performed to ease interpretation of the models. All statistical analyses were performed using R (version 3.4.1) and brms package (version 1.8.0.1).

3.. Results {#S0003}
===========

In this study, 101 healthy pregnant women were followed from the 38th week of gestation until three months after labour. [Table 1](#T0001) shows the demographic information, clinical variables, range of cortisol concentrations, and range of α-amylase concentrations, as well as the STAI and BDI scores in each group. Prior to modelling, an exploratory data analysis was performed by examining the correlations between the different studied variables in both groups. Correlation plots are depicted in [Figure 2](#F0002). Interestingly, the trauma group showed stronger correlations between the different STAI-State and BDI/SF measures compared to the non-trauma group. Specifically, BDI/SF and STAI-State scores were sizeably correlated along the different time points. Remarkably, BDI/SF and STAI-State scores were also moderately correlated to each other. The quantile regression models for cortisol and α-amylase concentrations are summarized in [Table 2](#T0002). The ordinal regression models for STAI-State and BDI/SF scores are summarized in [Table 3](#T0003). The models that included only the trauma group in order to examine the influence of years since trauma, TQ score, and trauma type are shown as supplementary material (see Table S1 for cortisol and α-amylase levels and Table S2 for anxiety and depressive symptoms).10.1080/20008198.2019.1601990-F0002Figure 2.Correlations among stress biomarkers and anxious-depressive symptoms along T1, T2, and T3.

3.1.. Cortisol levels {#S0003-S2001}
---------------------

As we can see in [Table 2](#T0002), results for the cortisol model show that the trauma group have higher cortisol levels compared to the non-trauma group at T1 (Estimate = 2.6, 95% CI \[0.52, 4.85\]), which is sustained along T2 and T3 (see Figure 3(a)). When assessing the influence of years since trauma, TQ score, and trauma type in the trauma group, no association was found.10.1080/20008198.2019.1601990-T0001Table 1.Characteristics of studied population.VariableNon-trauma group\
(*n* = 59)Trauma group\
(*n* = 42) Mean (SD)/*n* (%)Mean (SD)/*n* (%) Median (1st, 3rd Q.)Median (1st, 3rd Q.)Age31.61 (4.48)31.93 (5.18) 33 (29, 35)33 (29, 36)Gravity1.81 (0.86)2.05 (1.15) 2 (1, 2)2 (1, 2.75)Parity0.63 (0.61)0.64 (0.79) 1 (0, 1)0.5 (0, 1)STAI-Trait14.9 (7.79)17.63 (8.35) 13.5 (9, 21)16 (12, 22)Caesarean section   No47 (79.66%)32 (76.19%) Elective6 (10.17%)8 (19.05%) Urgent6 (10.17%)2 (4.76%)In Vitro Fertilization   No58 (98.31%)38 (90.48%) Yes1 (1.69%)4 (9.52%)pHv7.26 (0.4)7.24 (0.49) 7.32 (7.28, 7.36)7.3 (7.28, 7.36)Birth weight (g)3285 (352)3291 (433) 3320 (3050, 3515)3250 (2952, 3657)Apgar 59.09 (1.64)9.1 (1.08)Sex   Girl29 (50%)22 (52.38%) Boy29 (50%)20 (47.62%)Breast feeding   No14 (25.93%)8 (19.05%) Yes40 (74.07%)34 (80.95%)**Cortisol (nmol L^−1^)**   T14 (3)8 (6)3 (1, 6)6 (3, 12) T27 (7)7 (4)6 (1, 9)6 (4, 8) T35 (5)5 (5)5 (1, 7)5 (1, 7)**α-Amylase (U mL^−1^)**   T1121 (114)87 (115)90 (50, 150)40 (13, 90) T284 (64)74 (88)80 (30, 130)40 (20, 110) T3171 (113)160 (112)150 (80, 200)150 (80, 200)STAI-State   T113.3 (7.6)17.6 (8.9)12 (8, 18)16 (12, 21) T212.7 (8.5)13.8 (7.5)11 (6, 17)12 (8, 18) T312.4 (8.5)10.4 (6.4)11 (6, 15)9 (6, 14)BDI/SF   T11.7 (1.7)2.8 (2.9)1 (0.25, 2)2 (1, 4) T21.6 (2.6)1.9 (2.1)1 (0, 2)1 (1, 2) T31.8 (2.3)2.1 (2.6)1 (0, 2.25)1 (0, 3)TQ score-4.19 (3.28) -3 (1.25, 6)Years since trauma-5.67 (5.24) -2.5 (2, 9.75)Type of trauma   Witness of unexpected death of others-19 (45.24%) Threat to serious injury of self-16 (38.1%) Threat to the physical integrity of self-5 (11.9%) Threat to the physical integrity of others-2 (4.76%)[^2][^3]10.1080/20008198.2019.1601990-T0002Table 2.Statistical parameters corresponding to the quantile regression models obtained for the cortisol and α-amylase variables.CortisolEstimateStd. ErrorLower 95%Upper 95%Intercept6.2432.8900.66211.882T20.5131.048−1.4612.613T3−0.4281.082−2.4971.737*Trauma2.5981.1090.5244.849*Age−0.0870.089−0.2600.086Parity0.1230.563−0.9731.220T2:Trauma−0.6781.590−3.8882.426T3:Trauma2.7342.021−1.1486.623Sd code1.8780.5860.4982.938α-amylaseEstimateStd. ErrorLower 95%Upper 95%Intercept133.06644.16746.422217.750T2−12.11412.829−37.30813.176*T365.64617.84631.141101.795*Trauma−30.20815.251−59.7980.229Age−1.3121.356−3.9821.352Parity1.2848.849−15.73318.833T2:Trauma6.67218.596−28.93843.503T3:Trauma13.19524.328−34.62561.966Sd code35.6788.37519.05553.263[^4]10.1080/20008198.2019.1601990-T0003Table 3.Statistical parameters corresponding to the ordinal regression models obtained for the anxiety and depressive symptoms.STAI-StateEstimateStd. Errorexp (Estimate)Lower 95%Upper 95%T2−0.1180.3750.8890.4351.834T3−0.130.3950.8780.4021.895*Trauma1.2830.563.6091.24310.561*Age0.1140.0481.1211.0211.235Parity−0.4010.3240.670.3521.25T2:Trauma−0.6710.590.5110.1571.624*T3:Trauma−2.1820.6560.1130.0310.399*Sd code1.8360.264-1.352.37BDI/SFEstimateStd. Errorexp(Estimate)Lower 95%Upper 95%T2−0.5550.40.5740.2641.259T3−0.0340.4240.9660.4192.2Trauma1.1630.6243.20.97210.919Age0.0850.0571.0890.9741.219Parity−0.0260.3820.9750.4552.108T2:Trauma−0.2580.610.7730.2332.473T3:Trauma−0.9250.6810.3970.11.505Sd code2.2110.327-1.6362.898[^5]

3.2.. α-amylase levels {#S0003-S2002}
----------------------

Regarding α-amylase concentrations, there were no significant differences in α-amylase levels between the trauma and non-trauma groups across the three time points (see [Figure 3(b)](#F0003)). Nevertheless, the model showed a steep increase in α-amylase levels in T3 in both groups (Estimate = 65.65, 95% CI \[31.14, 101.80\]). When assessing the influence of years since trauma, TQ score, and trauma type in the trauma group, an association was found between trauma type and α-amylase concentrations (see [Figure 4](#F0004)). That is, women who suffered from a threat to the physical integrity of self showed higher α-amylase levels than other types of trauma (Estimate = 58.82, 95% CI \[2.57, 11.96\]).10.1080/20008198.2019.1601990-F0003Figure 3.Graph representing the cortisol, α-amylase, anxiety, and depression levels.10.1080/20008198.2019.1601990-F0004Figure 4.Graph representing the association between the trauma type and α-amylase levels in the trauma group.

3.3.. STAI-State scores {#S0003-S2003}
-----------------------

Results of the mixed effects ordinal model for the STAI-State levels at T1 are similar to those of cortisol. As we can see in [Figure 3(c](#F0003)), there is an initial difference between both groups (OR = 3.61, 95% CI \[1.24, 10.56\]). That is, the trauma group showed higher anxiety symptoms at T1. However, this effect was reverted at T3, where the trauma group had lower STAI-State values than the non-trauma group (OR = 0.11, 95% CI \[0.03, 0.40\]). When assessing the influence of years since trauma, TQ score, and trauma type in the trauma group, no association was found.

3.4.. BDI-SF scores {#S0003-S2004}
-------------------

In the case of BDI-SF scores, there were no significant differences in depressive symptoms between the trauma and non-trauma groups across the three time points (see [Figure 3(d](#F0003))). When assessing the influence of years since trauma, TQ score, and trauma type in the trauma group, no association was found.

4.. Discussion {#S0004}
==============

Women with a trauma history showed higher cortisol levels at the third trimester of pregnancy than women without one and this difference was sustained until three months after birth. In contrast, women with a trauma history showed similar α-amylase levels to women without one. Furthermore, both groups showed an increase in α-amylase levels at three months after birth. In the case of anxious-depressive symptoms, women with a trauma history showed higher anxiety symptoms from the third trimester of pregnancy to 48 hours after birth but this difference was reversed during postpartum period. Nevertheless, despite women with a trauma history having higher scores in anxiety symptoms, these scores did not reach the cut-off to be considered clinically significant. Conversely, women with a trauma history showed similar depressive symptoms to women without one. Therefore, women with a trauma history showed high stress levels in terms of both cortisol concentrations and anxiety symptoms. However, whereas anxiety symptoms become reversed during postpartum period, there was a constant difference in cortisol levels from late pregnancy until postpartum period.

With regard to stress biomarkers, trauma history was associated with higher cortisol levels from late pregnancy to postpartum period compared to the non-trauma group. On the other hand, the trauma and non-trauma groups were similar in α-amylase levels throughout the studied time points. These findings support that a trauma history can elicit higher activity in the HPA-axis. Therefore, as cortisol levels indicate, a trauma history is associated with a maladaptive course of stress-related metabolism in women with a trauma history after a pregnancy without complications. Similarly, previous research on individuals with a trauma history but non suffering from PTSD has found an increase of cortisol levels (Miller et al., [2007](#CIT0025)). Conversely, other studies have found lower cortisol levels but only when it triggered a PTSD (Meewisse et al., [2007](#CIT0023); Morris et al., [2012](#CIT0026)). Of note, our patients had a history of traumatic events and subsyndromic PTSD, but it was not diagnosed (Habersaat et al., [2014](#CIT0016)). Thus, high cortisol levels may be an indicator of high chronic stress in traumatized women over time (Kuhlman et al., [2015](#CIT0020)). Nevertheless, both groups showed an increase in α-amylase levels at three months after birth, which indicates that when women have to face motherhood, SAM axis may be over-activated, triggering an acute physiological response to stress (Giesbrecht, Granger, Campbell, & Kaplan, [2013](#CIT0012)). Furthermore, women who suffered from a threat to the physical integrity of self showed higher α-amylase levels than other types of trauma (see Feldman, Vengrober, Eidelman-Rothman, & Zagoory-Sharon, [2013](#CIT0008), for a similar finding with war-exposed children). This association may indicate a hypervigilance symptom due to the fact that their body is permanently prepared for the action (Thoma et al., [2012b](#CIT0036)).

Regarding psychological symptoms, our findings showed that the differences between women with and without a trauma history depend on the time of testing: a trauma history was associated with higher anxiety symptoms from late pregnancy to childbirth, but this difference was reversed during postpartum period. Previous research has found that women with anxiety during pregnancy and postpartum periods reported higher traumatic experiences (Howard et al., [2013](#CIT0018)), which may be associated with a higher difficulty to adapt to new stressors such as pregnancy, childbirth, or breeding. Our findings add to previous literature that, when women with a trauma history are compared with women with non-trauma history, the difference in anxiety symptoms at late pregnancy is reversed from childbirth. Keeping in mind that childbirth is a time of intense stress for some mothers who develop a fear of subsequent childbirth (Räisänen et al., [2014](#CIT0032)), women with a trauma history did not feel higher anxiety. Therefore, a trauma history may not constitute a vulnerable factor for the fear of subsequent childbirth. Moreover, anxiety symptoms were lower in women with trauma history at three months after birth. This finding may indicate that, when anxiety related to the concern for the security of pregnancy, foetal health and delivery, was resolved, women with a trauma history may perceive a good adaptation to motherhood (Gourounti, Anagnostopoulos, & Lykeridou, [2013](#CIT0014)). According to depressive symptoms, women who reported a trauma history showed similar depressive symptoms from late pregnancy to postpartum period. Some studies have indicated that a trauma history is associated with a less sharp decline from pregnancy to postpartum (Grekin et al., [2017](#CIT0015); Poehlmann et al., [2009](#CIT0031)). This apparent discrepancy may be explained by the control of potential confounding factors that may affect depressive symptoms after birth: age (García-Blanco et al., [2017](#CIT0010)), parity (Dipietro et al., [2008](#CIT0006)), time of testing (Gourounti, [2016](#CIT0013)), and additional stress-generating factors such as medical status and risk of social exclusion (Álvarez-Segura et al., [2014](#CIT0001)).

Finally, concerning the relationship between self-reported symptoms and stress biomarkers, women with a trauma history showed stronger associations than non-exposed women. Anxiety symptoms showed the highest associations across time. Finally, anxiety symptoms and depressive symptoms were the highest correlated measures. These findings support the lack of association between stress biomarkers and self-reported stress symptoms showed by previous studies (Harville et al., [2009](#CIT0017)), even in women with a trauma history.

Our study is strengthened because we examined both physiological and psychological stress at different points of time considering other potential confounding factors (age, parity, gestational week at T1, and additional stress-generating factors). Regarding the limitations of our study, the lack of measures taken before pregnancy make it impossible to conclude if anxious-depressive symptoms and stress biomarkers reach a similar profile prior to pregnancy. Furthermore, although participants were instructed to rest during the night and the sampling time was controlled (minimum one hour after breakfast and between 10 and 12 a.m.), the time of awakening was not registered. Additionally, our results could not be generalized to women with medical complications or at risk of social exclusion. The very strict selection criteria of participants limited the size of our sample. Finally, although additional models with the trauma group examined the influence of years since trauma, PTSD symptoms, and trauma type, the size of our sample does not allow reaching conclusive findings. Therefore, further research should consolidate these preliminary results.

To sum up, trauma history is associated with an increase in cortisol levels in pregnant women from late pregnancy to postpartum period. That is, the HPA axis activity is increased in women with a trauma history until postpartum period. Contrarily, if delivery has been achieved without major medical complications, a trauma history does not seem to have a negative effect on anxiety symptoms during postpartum period. In fact, anxiety symptoms displayed a significant decrease at three months after birth in women with a trauma history in comparison with women without one. Therefore, whereas a maternal trauma history may not be a risk for mother--child bonding due to the absence of anxious-depressive symptoms during postpartum period, it can increase the risk of newborn neurodevelopment impairment, which is associated with maternal HPA axis dysregulation (Zijlmans, Riksen-Walraven, & de Weerth, [2015](#CIT0041)) and prenatal anxiety symptoms (Tuovinen et al., [2018](#CIT0037)). In clinical practice, psychological therapy to improve cognitive-behavioral coping strategies should be applied during pregnancy in women with a trauma history.
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###### Supplemental Material

[^1]: García-Blanco and Vento should be considered as senior authors

[^2]: STAI = State form of the State-Trait Anxiety Inventory; BDI/SF = Beck Depression Inventory Short Form; TQ = Trauma Questionnaire

[^3]: *Note*. Mean calculated considering 0.05 nmol L^−1^ (LOD/4) the cortisol concentrations lower than the Limit Of Detection (LOD)

[^4]: Sd code = the standard deviation of the random intercept

[^5]: Sd code = the standard deviation of the random intercept
